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METHOD AND APPARATUS FOR PRINTED
CIRCUIT BOARD PADS WITH
REGISTERING FEATURE FOR

COMPONENT LEADS

CROSS REFERENCE TO RELATED
APPLICATION(S)

This is a divisional of application Ser. No. 08/709,354
filed on Sep. 6, 1996 now U.S. Pat. No. 6,612,023 which is
hereby incorporated by reference herein.

FIELD OF THE INVENTION

The present invention generally relates to the field of
electronic assembly and more particularly relates to elec-
tronic component interconnects in electronic assemblies.

BACKGROUND OF THE INVENTION

Electronic assemblies typically employ printed circuit
boards for mechanical support and electrical interconnection
of electronic components. In the case of surface mount
electronic components, component leads are placed onto
metal pads deposited onto a surface of the boards. Solder is
used to attach the components leads to the pads and to
electrically connect the components leads to the pads. The
pads are electrically interconnected by traces, or connected
to an internal conductive plane of the circuit board through
a metal plated aperture extending into the circuit board,
called a via, so as to provide for electrical interconnection of
the components.

In an assembly process, solder paste is placed onto the
pads on a first side of the printed circuit board. Components
are arranged on the first side of the circuit board so that
component leads cling to the solder paste in appropriate
locations. The paste is heated to solder the components to the
pads on the first side of the printed circuit board. The solder
is allowed to cool and harden.

After the solder on the first side of the printed circuit
board is hardened, enhanced component density is achieved
by turning the printed circuit board over, placing solder paste
onto the pads on the other side of the printed circuit board
and arranging components on the other side of the circuit
board so that component leads cling to the solder paste in
appropriate locations. The paste is heated to solder the
components to the pads on the other side of the printed
circuit board. The solder is again allowed to cool and harden.

It should be understood that flexibility in order of solder-
ing operations is limited since the solder paste on the first
side of the circuit board is heated, cooled and hardened
before any solder paste is applied to the other side of the
printed circuit board. If solder paste and components were
applied to both sides of the printed circuit board before any
heat were applied to either side, it is likely that the pull of
gravity or vibrations would displace some of the
components, since the solder paste has insufficient adhesive
power to retain positioning of components so effected.
Flexibility in order of soldering operations is particularly
limited when the components include components that must
be soldered to pads on both sides of the printed circuit board,
such as straddle mount connectors.

It is important to achieve and maintain correct positioning
of components in soldering operations. Misregistered com-
ponent leads cause electrically or mechanically defective
solder joints, requiring costly and time consuming rework
operations. Misregistered component leads may also cause
circuit shorting and catastrophic electrical failure of the
entire electronic assembly.
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What is needed is a method and apparatus for printed
circuit board pads with registering feature for component
leads.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus
for printed circuit board pads with registering feature for
component leads.

Briefly, and in general terms the invention provides a
U-shaped metalized pad on a printed circuit board for
soldering to a component lead. Solder is disposed on the pad
and heated to a molten state so that surface tension and
wetting effects form the molten solder into a solder mound
having a U-shaped lateral cross section conforming to the
U-shaped metalized pad. The solder mound has a first arm
and a second arm, and a lateral aperture extending therebe-
tween for receiving an extremity of the component lead. The
solder mound also has a bridge portion extending between
the first and second arms of the solder mound. The solder
mound is cooled so as to harden the solder mound.

The extremity of the component lead is disposed proxi-
mate to the lateral aperture between the first arm and second
arm of the solder mound. By sliding the extremity of the
component lead in contact with the first arm and second arm
of the solder mound, the component lead is registered with
respect to the pad in a lateral dimension perpendicular to the
arms of the mound. The lateral aperture of the solder mound
receives the extremity of the component lead. By sliding the
extremity of the component lead into contact with the bridge
portion of the solder mound, the component lead is regis-
tered with respect to the pad in a lateral dimension perpen-
dicular to the bridge portion of the solder mound. The solder
mound is then heated to a molten state so as to solder the
component lead to the pad.

Other aspects and advantages of the present invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 2A-C, and 3A-C show various views of
solder pad research investigations.

FIGS. 4A and 4B show a detailed plan and front view of
a U-shaped metalized pad of a preferred embodiment of the
invention.

FIGS. 4C and 4D show a detailed plan and front view of
solder paste disposed on the pad of FIGS. 4A and 4B.

FIGS. 4E and 4F show a detailed plan and cross sectional
view of a preferred solder mound of the invention conform-
ing to the pad of FIGS. 4A and 4B.

FIGS. 5A-5C to 11A-11C are various views illustrating
a registration feature of the invention.

FIG. 12A is a cross sectional view of the preferred
embodiment of the invention.

FIGS. 12B and 12C are cross sectional views of alterna-
tive embodiments of the invention.

FIGS. 13A-13D are plan views illustrating various pre-
ferred dimensions of the pad and solder mound of the
invention.

FIG. 14 is a plan view of a preferred array of the
invention.

FIG. 15 is a side view of the preferred embodiment of the
invention.
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FIG. 16 is an isometric view of the preferred embodiment
of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIGS. 1A, 1B, 2A-C, and 3A-C show various views of
solder pad research investigations. In an assembly process,
solder paste is placed onto the pads and is melted or
“reflowed” into a molten state. A wetting effect spreads the
molten solder out to pad edges so as to cover a respective
surface of each pad. A surface tension effect causes the
molten solder to form a respective solder mound covering
each pad, for example as shown in plan view and cross
sectional view in FIGS. 1A and 1B. The solder mound is
allowed to cool and harden. After component placement on
top of the solder mounds, heat is applied to reflow the solder,
so as to solder the component leads to the pads.

Leads of each surface mount component are placed onto
the tops respective solder mounds of the pads using a
combination of motions. In some cases, components are set
down onto the board and then pushed laterally using sliding
motions across the surface of the board, until leads of each
component are in correct lateral position with respect to the
pads. Alternatively, components are laterally positioned
while substantially above the surface of the board, and then
placed onto pads using a motion that is perpendicular to a
surface of the board. So called “pick and place machines”
are easily adjusted for correct perpendicular motion, but
adjustment for correct lateral positioning is limited.

For correct lateral positioning, the component leads are
registered with the pads by precisely adjusting position of
each component lead in correspondence with the respective
pad. Correct lateral positioning is sometimes difficult to
achieve and maintain since weight of the components,
undesired vibrations, or resiliency of the component leads
cause the component leads to slip off the tops of the solder
mounds, slide down sloped sides of the solder mounds, and
misregister with respect to the pads.

For example, as shown in plan view, cross sectional view,
and side view in FIGS. 2A, 2B, and 2C, a component lead
is slid towards the solder mound covering the pad. However
correct lateral positioning is not achieved or maintained
because the component lead slips off the top of the solder
mound, slides down sloped side of the solder mounds, and
misregisters with respect to the pad, as shown in plan view,
cross sectional view, and side view in FIGS. 3A, 3B, and 3C.

It is important to achieve and maintain correct lateral
positioning of components in soldering operations. Misreg-
istered component leads cause electrically or mechanically
defective solder joints when heat is applied to reflow the
solder, requiring costly and time consuming rework opera-
tions. Misregistered component leads may also cause circuit
shorting and catastrophic electrical failure of the entire
electronic assembly.

FIGS. 4A and 4B show a detailed plan and front view of
a U-shaped metalized pad of a preferred embodiment of the
invention. The pad is preferably plated, deposited, or oth-
erwise disposed on a printed circuit board for soldering to a
component lead. Solder paste is disposed on the pad as
shown in detailed plan and front views in FIGS. 4C and 4D.
The solder paste is heated to a molten state so that surface
tension and wetting effects form the molten solder into a
solder mound having a U-shaped lateral cross section and
conforming to dimensions of the U-shaped metalized pad as
shown in plan and cross-sectional views in FIGS. 4E and 4F.
Accordingly, just as the U-shaped pad has a first arm, and a
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second arm, and a lateral aperture extending therebetween
for receiving an extremity of the component lead, so also
does the solder mound have a first arm and a second arm,
and a lateral aperture extending therebetween for receiving
the extremity of the component lead. Just as the U-shaped
pad has a bridge portion extending between the first and
second arms of the pad, so also does the solder mound have
a bridge portion extending between the first and second arms
of the solder mound. The solder mound is cooled so as to
harden the solder mound.

Preferably, sufficient solder paste is used so that the solder
mound has a height dimension within a range of five
thousandths (0.005) of an inch to twenty thousands (0.020)
of an inch. It is theorized that if the height dimension of the
solder mound is substantially less than five thousandths
(0.005) of an inch, there will be an insufficient amount of
solder and a corresponding solder joint will lack mechanical
strength. It is theorized that if the height dimension of the
solder mound is substantially greater than twenty thou-
sandths (0.020) of an inch, then excess solder may cause
undesirable solder bridging to adjacent pads. Preferably, the
height dimension the solder mound is approximately ten
thousandths (0.010) of an inch.

As shown in plan view, cross sectional view, and side
view in FIGS. 5A, 5B, and 5C, the extremity of the com-
ponent lead is disposed proximate to the lateral aperture
between the first arm and second arm of the solder mound.
By sliding the extremity of the component lead in contact
with the first arm and second arm of the solder mound, the
component lead is registered with respect to the pad in a
lateral dimension perpendicular to the arms of the mound, as
shown in plan view, cross sectional view, and side view in
FIGS. 6A, 6B, and 6C. The lateral aperture of the solder
mound receives the extremity of the component lead. By
sliding the extremity of the component lead into contact with
the bridge portion of the solder mound, the component lead
is registered with respect to the pad in a lateral dimension
perpendicular to the bridge portion of the solder mound.
Preferably, dimensions of the pad and solder mound are
selected so that a main angled contact point of the extremity
of the component lead is centrally disposed with respect to
the pad and solder mound upon registration with the arms
and bridge portion, as shown in FIGS. 6A, 6B, and 6C.

The solder mound is then heated to a molten state so as to
solder the component lead to the pad. The registering feature
of the invention is particularly advantageous, since it is
important to achieve and maintain correct lateral positioning
of the component lead with respect to the pad. Misregistered
component leads would cause electrically or mechanically
defective solder joints when heat is applied to reflow the
solder, requiring costly and time consuming rework opera-
tions.

Aspects of the registering feature of the preferred embodi-
ment of the invention are further shown in FIGS. 7-11. In
accordance with the principles of the invention for correct
lateral positioning, a registering feature of the invention
provides for the component lead registering with the pad by
precisely adjusting position of each component lead in
correspondence with the pad. An example of a component
lead that is laterally misaligned with respect to the pad and
solder mound as shown in plan view, cross sectional view,
and side view in FIGS. 7A, 7B, and 7C. As shown in plan
view, cross sectional view, and side view in FIGS. 8A, 8B,
and 8C, 9A, 9B, and 9C and 10A, 10B, and 10C, the
extremity of the component lead slides in contact with the
solder mound, engaging the first arm of the solder mound for
correcting lateral alignment of the component lead with
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respect to the pad and solder mound. Resiliency of the
component lead causes the component lead to slide along a
sloped side of the arm of the solder mound, and laterally
register with respect to the pad in the lateral aperture of the
solder mound. As shown in plan view, cross sectional view,
and side view in FIGS. 11A, 11B, and 11C in the preferred
embodiment the sliding motion of the extremity of the
component lead continues so as to engage both the first and
second arm of the solder mound, so that the component lead
is registered with respect to the pad in a lateral dimension
perpendicular to the arms of the mound, as shown.

For preferred solder wetting of the component lead by
both arms of the solder mound, width dimension of the
lateral aperture of the solder mound (and the pad) is sub-
stantially the same as a width dimension of the component
lead, so that the lateral aperture of the solder mound receives
the extremity of the component lead as shown in cross
sectional view in FIG. 12A. However it should be under-
stood that the invention is not strictly limited to the lateral
aperture of the solder mound being substantially the same as
the width dimension of the component lead. For example, in
an alternative embodiment as shown in cross sectional view
in FIG. 12B, the width dimension of the lateral aperture of
the solder mound is substantially larger than the width
dimension of the component lead. In another alternative
embodiment as shown in cross sectional view in FIG. 12C,
the width dimension of the lateral aperture of the solder
mound is substantially smaller than the width dimension of
the component lead.

Preferably the width dimension of the lateral aperture of
the solder mound (and the pad) is within a range of approxi-
mately five thousandths (0.005) of an inch to approximately
twenty thousandths (0.020) of an inch. It is theorized that if
the width dimension of the lateral aperture of the solder
mound (and the pad) is substantially less than five thou-
sandths (0.005) of an inch, then the corresponding width of
the component lead received by the lateral aperture would be
too thin and therefore lacking in mechanical strength. It is
theorized that if the width dimension of the lateral aperture
of the solder mound (and the pad) is substantially greater
than twenty thousandths (0.020) of an inch then the corre-
sponding width of the component lead received by the
lateral aperture would be too thick and therefore limit
component density. Preferably, the width dimension of the
lateral aperture of the solder mound (and the pad) is approxi-
mately ten thousandths (0.010) of an inch.

As shown in plan view in FIG. 13A, preferably the lateral
aperture of the solder mound (and the pad) has an initial
flared portion that is wider than the width of the lateral
aperture, so as to promote capture and registration of the
extremity of the component lead. Preferably, a width dimen-
sion of the initial flared portion of the lateral aperture of the
solder mound (and the pad) is within a range of approxi-
mately twenty thousandths (0.020) of an inch to approxi-
mately forty thousandths (0.040) of an inch. It is theorized
that if the width dimension the initial flared portion of the
lateral aperture of the solder mound (and the pad) is sub-
stantially less than twenty thousandths (0.020) of an inch,
then capture and registration of the component lead may be
limited in some instances. It is theorized that if the width
dimension of the initial flared portion of the lateral aperture
of the solder mound (and the pad) is substantially greater
than forty thousandths (0.040) of an inch, then pad and
component density would be limited. Preferably, the width
dimension of the initial flared portion of the lateral aperture
of the solder mound (and the pad) is approximately thirty
thousandths (0.030) of an inch.
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To promote capture and registration of the extremity of
the component lead, a flare angle of the initial flared portion
of the lateral aperture of the solder mound (and the pad) is
within a range of substantially more than zero degrees to
substantially less than ninety degrees. Preferably, the flare
angle of the initial flared portion of the lateral aperture of the
solder mound (and the pad) is approximately forty-five
degrees, as shown in plan view in FIG. 13B.

Preferably the width dimension of each arm of the solder
mound (and the pad) is within a range of approximately
three thousandths (0.003) of an inch to approximately fifteen
thousandths (0.015) of an inch, as shown in plan view in
FIG. 13C. It is theorized that if the width dimension of each
arm of the solder mound (and the pad) is substantially less
than three thousandths (0.003) of an inch, then there will be
insufficient solder wetting of the pad and component lead. It
is theorized that if the width dimension of each arm of the
solder mound (and the pad) is substantially greater than
fifteen thousandths (0.015) of an inch, then pad and com-
ponent density would be limited. Preferably, the width
dimension of each arm of the solder mound (and the pad) is
approximately ten thousandths (0.010) of an inch.

Preferably the length dimension of each arm of the solder
mound (and the pad) is within a range of approximately
twenty thousandths (0.020) of an inch to approximately fifty
thousandths (0.050) of an inch, as shown in plan view in
FIG. 13D. It is theorized that if the length dimension of each
arm of the solder mound (and the pad) is substantially less
than twenty thousandths (0.020) of an inch, then capture and
registration of the extremity of the component lead may be
limited in some instances. It is theorized that if the length
dimension of each arm of the solder mound (and the pad) is
substantially greater than fifty thousandths (0.050) of an
inch, then pad and component density would be limited.
Preferably, the length dimension of each arm of the solder
mound (and the pad) is approximately thirty-five thou-
sandths (0.035) of an inch.

Preferably the width dimension of the bridge portion of
the solder mound (and the pad) is within a range of approxi-
mately five thousandths (0.005) of an inch to approximately
twenty thousandths (0.020) of an inch, as shown in plan
view in FIG. 13D. It is theorized that if the width dimension
of the bridge portion of the solder mound (and the pad) is
substantially less than five thousandths (0.005) of an inch,
then there will be insufficient solder wetting of the pad and
component lead, and insufficient registration as the extrem-
ity of the component lead contacts the bridge portion. It is
theorized that if the width dimension of the bridge portion of
the solder mound (and the pad) is substantially greater than
twenty thousandths (0.020) of an inch, then pad and com-
ponent density would be limited. Preferably, the width
dimension of the bridge portion of the solder mound (and the
pad) is approximately ten thousandths (0.010) of an inch.

As shown in plan view in FIG. 14, in the preferred
embodiment of the invention an array of the U-shaped
metalized pads is deposited on a surface of the printed circuit
board. In the preferred embodiment U-shaped metalized
pads are arranged in one or more rows, and each U-shaped
metalized pad of the array is similarly oriented. Preferably,
the pads are arranged in a spaced apart relation with a range
of approximately thirty thousandths (0.030) of an inch to
approximately one hundred thousandths (0.100) of an inch.
It is theorized that if the spaced apart relation is substantially
less than thirty thousandths (0.030) of an inch, undesirable
solder bridging between pads may result. It is theorized that
if the spaced apart relation is substantially greater than one
hundred thousandths (0.100) of an inch, then pad and
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component density would be limited. Preferably, the spaced
apart relation is approximately fifty thousandths (0.050) of
an inch.

Solder paste is applied to the pads of a first side of the
printed circuit board in a manner as discussed in detail
previously herein. The solder paste is heated to a molten
state so that surface tension and wetting effects form the
molten solder into a plurality of solder mounds that each
contact a respective one of the U-shaped metalized pads, the
solder mounds each having a respective U-shaped lateral
cross section conforming to the respective U-shaped metal-
ized pad. Each solder mound includes a respective first arm
and second arm, a respective lateral aperture extending
between the arms of each solder mound for receiving an
extremity of a respective component lead; and a respective
bridge portion extending between the arms of each solder
mound.

A particularly advantageous use of the invention is in
conjunction with a surface mount component, for example a
straddle mount connector as shown in side view in FIG. 15
and isometric view in FIG. 16, having a component lead for
soldering to a pad on a first surface of the printed circuit
board, and further having a component lead for soldering to
a pad on an opposing surface of the printed circuit board. As
shown, the U-shaped pads are preferably deposited on the
surface of the printed circuit board proximate to an edge of
the printed circuit board, so as to provide for advantageous
use in conjunction with the connector.

The present invention provides a method and apparatus
for printed circuit board pads with registering feature for
component leads. Although specific embodiments of the
invention have been described and illustrated, the invention
is not to be limited to the specific forms or arrangements of
parts so described and illustrate, and various modifications
and changes can be made without departing from the scope
and spirit of the invention. Within the scope of the appended
claims, therefore, the invention may be practiced otherwise
than as specifically described and illustrated.

What is claimed is:

1. An apparatus comprising:

a printed circuit board;

a U-shaped metalized pad deposited on a surface of the
printed circuit board;

a solder mound contacting the U-shaped metalized pad,
the solder mound having a U-shaped lateral cross
section conforming to the U-shaped metalized pad;

said solder mound comprising a lateral bridge portion and
first and second arm extremities extending in a longi-
tudinal direction away from the bridge portion along
the surface of the printed circuit board;

each of said first and second arm extremities having a first
portion proximate said bridge portion and an
oppositely-disposed second portion proximate a termi-
nal end of said arm extremities; and

a means for registering an extremity of a component lead
with respect to the pad, said means comprising a
tapered aperture formed between said first and second
arm extremity second portions.

2. An apparatus as in claim 1 and further wherein:

each of said first and second arm extremity second
portions is tapered in the longitudinal direction away
from said bridge portion along the surface of said
printed circuit board, thus forming a first taper on said
first arm extremity and a second taper on said second
arm extremity; and

said tapered aperture comprises said first and second
tapers.
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3. An apparatus comprising:

a printed circuit board;

a U-shaped metalized pad deposited on a surface of the
printed circuit board;

a solder mound contacting the U-shaped metalized pad,
the solder mound having a U-shaped lateral cross
section conforming to the U-shaped metalized pad;

said solder mound comprising a lateral bridge portion and
first and second arm extremities extending in a longi-
tudinal direction away from the bridge portion along
the surface of the printed circuit board;

each of said first and second arm extremities having a first
portion proximate said bridge portion and an
oppositely-disposed second portion proximate a termi-
nal end of said arm extremities; and

a tapered aperture formed between said first and second
arm extremity second portions.

4. An apparatus as in claim 3 wherein said tapered
aperture is capable of registering a component lead with
respect to the pad in a lateral dimension perpendicular to
said first and second arm extremities.

5. An apparatus as in claim 3 wherein said first arm
extremity has a width dimension within a range of approxi-
mately three thousandths of an inch to approximately fifteen
thousandths of an inch.

6. An apparatus as in claim 3 wherein said taperad
aperture has a width dimension within a range of approxi-
mately five thousandths of an inch to approximately twenty
thousandths of an inch.

7. An apparatus as in claim 3 wherein said first arm
extremity has a respective length dimension, measured in
said longitudinal direction within a range of approximately
twenty thousandths of an inch to approximately twenty
thousandths of an inch.

8. An apparatus as in claim 3 further comprising:

an array of U-shaped metalized pads deposited on a
surface of the printed circuit board;

a plurality of solder mounds each contacting a respective
one of the U-shaped metalized pads, the solder mounds
each having a respective U-shaped lateral cross section
conforming to the respective U-shaped metalized pad,
each solder mound including a respective first arm and
second arm, a respective lateral aperture extending
between the arms of each solder mound for receiving
an extremity of a respective component lead; and

a respective bridge portion extending between the arms of
each solder mound.

9. An apparatus as in claim 8 wherein each U-shaped

metalized pad of the array is similarly oriented.

10. An apparatus as in claim 8 wherein the array of
U-shaped metalized pads are arranged in a row.

11. An apparatus as in claim 8 wherein the pads are
arranged in a spaced apart relation with a range of thirty
thousandths of an inch to one hundred thousandths of an
inch.

12. An apparatus as in claim 3 and further wherein:

each of said first and second arm extremity second
portions is tapered in the longitudinal direction away
from said bridge portion along the surface of said
printed circuit board, thus forming a first taper on said
first arm extremity and a second taper on said second
arm extremity; and

said tapered aperture comprises said first and second
tapers.

13. An apparatus as in claim 3 wherein the solder mound

has a height dimension within a range of five thousandths of
an inch to twenty thousands of an inch.
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